Objective: To elucidate status and trends in portion size of foods rich in fat and/or added sugars during the past decades, and to bring portion size into perspective in its role in obesity and dietary guidelines in Denmark. Data sources: Information about portion sizes of low-fat and full-fat food items was obtained from a 4-day weighed food record (Study 1). Trends in portion sizes of commercial foods were examined by gathering information from major food manufacturers and fast food chains (Study 2). Data on intakes and sales of sugarsweetened soft drinks and confectionery were obtained through nation-wide dietary surveys and official sales statistics (Study 3). Results: Study 1: Subjects ate and drank significantly more when they chose low-fat food and meal items (milk used as a drink, sauce and sliced cold meat), compared with their counterparts who chose food and meal items with a higher fat content. As a result, almost the same amounts of energy and fat were consumed both ways, with the exception of sliced cold meat (energy and fat) and milk (fat). Study 2: Portion sizes of commercial energy-dense foods and beverages, and fast food meals rich in fat and/ or added sugars, seem to have increased over time, and in particular in the last 10 years. Study 3: The development in portion sizes of commercial foods has been paralleled by a sharp increase of more than 50% in the sales of sugar-sweetened soft drinks and confectionery like sweets, chocolate and ice creams since the 1970s. Conclusions: Larger portion sizes of foods low in fat and commercial energy-dense foods and beverages could be important factors in maintaining a high energy intake, causing over-consumption and enhancing the prevalence of obesity in the population. In light of this development, portion size ought to take central place in dietary guidelines and public campaigns.
In the last couple of decades, Denmark, like large parts of the world, has experienced a dramatic increase in the prevalence of overweight and obesity, especially among younger people. According to the last nation-wide dietary survey conducted in 1995, 28% of Danish adults were classified as overweight and 8% were classified as obese 1 . The most likely explanation for a more than 20% increase in overweight and obesity in a 10-year period is a changing environment promoting a surplus of food intake and physical inactivity. The increase in overweight and obesity has occurred in spite of a decrease in dietary fat intake from an average of 43% of energy in 1985 to 37% in 1995 1 . This phenomenon has been designated the American paradox after first being observed in the United States 2 . One reason may be that people have compensated for dilution in energy from fat by consuming low-fat foods ad libitum, increasing the total amount of food eaten 3, 4 . In favour of this hypothesis, a study by Rolls and co-workers 5 has demonstrated that from early childhood our food intake seems to be determined more by social, cultural and environmental factors than by hunger and satiety cues. When served larger portion sizes, both lean and overweight adults increase their food and energy intakes 6 . Portion sizes of energy-dense foods could also contribute to an excess energy intake by inducing passive overconsumption. Passive over-consumption refers to the excess of energy ingested without increasing the volume of food eaten. This phenomenon is especially prevalent in relation to energy-dense foods with a high fat/carbohydrate ratio, as energy from fat is less satiating than energy from carbohydrate 7, 8 .
During recent years the number of 'super-sized' food items available in grocery stores and supermarkets has increased substantially, as has the choice of snacks, soft drinks and confectionery like sweets, chocolate and ice cream high in fat, added sugars and calories. Moreover, conventional and fast food restaurants serve larger 'value' meals, and offer all-you-can-eat buffets in the competition to get customers. The idea behind this concept is to satisfy consumers with more food for less money as a way to retain and expand market share 9 -13 . The aim of this paper is to elucidate status and trends in portion sizes of foods rich in fat and/or added sugars during the past decades, and to bring portion size into perspective in its role in obesity and dietary guidelines in Denmark. This is done by first investigating the relationship between portion size and energy and fat intakes, by comparing portions of low-fat and full-fat food items. The second step is to study whether the portion sizes of commercial foods like sugar-sweetened soft drinks, pre-packed confectionery and snacks as well as fast food meals have actually increased over time, and relate this development to data on intakes and sales.
Material and methods
Study 1: Portion size of low-and full-fat food items A 4-day weighed food record conducted by the Danish Veterinary and Food Administration in 1999 was used as data source. Participants comprised 50 children aged 4-14 years (26 boys and 24 girls) and 130 adults between 15 and 70 years of age (67 men and 63 women) from the eastern and western parts of Denmark. To ensure a reasonable basis for estimating standard portion sizes for children and adults, children were slightly over-represented in the survey compared with the distribution in the Danish population. All participants volunteered for the study. The subjects were instructed to weigh all that they ate and drank for four consecutive days (three weekdays and one weekend day). Data on age, height and weight were obtained through a self-administered questionnaire. Seventeen per cent ðn ¼ 8Þ of the children in the survey were classified as overweight according to their body mass index, but none was obese. This is slightly more than in the last nation-wide dietary survey 1995 (11%, unpublished data). Thirty-two per cent ðn ¼ 41Þ of the adults were overweight and 13% ðn ¼ 17Þ were obese, which is in accordance with the most recent data for the Danish population 14 .
Comparisons of average portion sizes of low-and highfat foods and meal items were done for milk used as a drink (semi-skimmed vs. whole), sauce (, 5% fat: tomato, vegetables and sweet and sour vs. . 15% fat: brown, curry, parsley, cream, béarnaise, venison and gravy), sliced cold meat (turkey/chicken vs. salami) used on bread and pork (ham/smoked saddle of pork/pork chop vs. pork roast/ sliced belly/streaky belly joint) using the weighed record (unpublished data). Milk used for porridge, cereal, etc. is not included in the data for milk. All of the food items analysed in the four categories (milk as a drink, sauce, sliced cold meat and pork) can be regarded as substitutes in a meal. Subjects are grouped according to the type of food item consumed, thus individuals who eat both lowand full-fat food items are represented in both groups. In the weighed record, the term portion size refers to amount of food weighed and eaten in a single helping. 21, 22 . Both the dietary history method and the 7-day dietary record have been validated against nitrogen urinary excretion in a pilot study. The results indicate that energy intake reported in the nation-wide surveys is valid according to the cut-off limit proposed by Goldberg et al. 23, 24 . Information about sales of sugar-sweetened soft drinks, sweets, chocolate and ice cream (1975-99) came from Danish Ministry of Taxation, Central Customs and Tax Administration 25 and food organisations 15 .
Statistics
For Study 1, owing to a skewed distribution of the data, the non-parametric Mann -Whitney U-test was used to compare age, portion weights, fat and energy contents of low-and full-fat food and meal items. Data for children and adults were pooled to increase statistical power. Twosided P-values below 0.05 were considered significant. Data are presented as medians and interquartile ranges. SPSS statistical software version 10.1 for Windows was used. All data from Studies 2 and 3 are presented in a descriptive way. Sales figures in Study 3 are shown as fiveyear averages to show overall trends.
Results

Study 1: Portion size of low-and full-fat food items
The weighed record in 1999 showed that subjects ate and drank significantly more of certain low-fat food and meal items like milk, sauce and sliced cold meat compared with the corresponding food or meal item with a higher fat content (Table 1) . When participants chose semi-skimmed milk compared with whole milk they drank 16% extra ðP ¼ 0:013Þ: This observation was even more evident with a meal item like sauce. Subjects ate three times larger portion sizes of low-fat sauce (,5% fat) at meals in comparison with high-fat sauce (. 15% fat, P , 0:001).
The same trend applied to low-fat sliced cold meat used on bread like turkey and chicken in contrast to a high-fat variant like salami ðP ¼ 0:021Þ: A comparable pattern was seen for pork, although it did not reach significance. As a result participants ate almost the same amount of energy and fat when they chose low-fat food and meal items, with the exception of sliced cold meat (energy and fat) and milk (fat) ( Table 1) . No significant differences were seen by age between the low-and high-fat food groups.
Study 2: Size of commercial foods Our research indicated that sugar-sweetened beverages and confectionery like bags of sweets, chocolate bars, ice creams, etc. have increased in size by 20-100% since the 1960s, and in particular in the last 10 years ( Table 2 ). The enlargement in package size of pre-packed confectionery can be demonstrated by using Haribo as an example. Haribo launched their first economic bag of sweets (150 g) in 1976. Four years later 200 g (Mammut) bags were introduced and in 1991 the first 400 g package was launched. The expanding trend has also been observed for other snack food items like potato chips, where the 300 g package is the best-selling bag today with regard to tonnage 16 . All food items shown have increased in weight † The discrepancy between the number of participants in the weighed record 1999 and the number of subjects reporting portion size of low-and high-fat food and meal items is due to the circumstance that not all participants have drunk milk and eaten sauce, sliced cold meat and pork in the recording period. *, P , 0:05; ***, P , 0:001: or volume only, while the concentration of energycontributing nutrients has remained the same 28 .
McDonald's meals are used to illustrate the development in portion sizes of Danish fast food restaurants. In 1990 McDonald's medium and large meals were introduced, whereas the mega meal was available in 2001. A mega-size McDonald's meal contains half of the habitual daily energy intake, most of the recommended fat and all of the recommended added sugars for an average adult (Table 3) .
Study 3: Added sugars from commercial foods Both dietary survey data and sales figures revealed a sharp increase in the average consumption of sugar-sweetened soft drinks since the mid-1980s (Fig. 1a) . According to nation-wide dietary surveys, the intake of sugarsweetened soft drinks more than doubled from 1985 to 1995 (44 vs . Since 1975 there has been a continuous rise in the sale of confectionery, and 50% more is sold today than 25 years ago (Fig. 1b) .
Discussion
Portion size of low-and full-fat food items Data from the 4-day weighed record suggest that subjects ate and drank significantly more when they chose low-fat food and meal items, compared with their counterparts who chose food and meal items with a higher fat content. Hence, it looks like some people may compensate the dilution in energy by increasing the total amount of low-fat foods consumed. The same phenomenon seems to be . Hence, larger portion sizes of low-fat food and meal items like milk used as a drink and sauce counteract the favourable effect in terms of energy and fat saved. Our observations are verified by another study showing that the amount of sauce eaten at meals depends mainly on its fat content 32 . However, some of the discrepancy observed between low-and full-fat sauce may be a result of different uses of the sauces. Rice requires more sauce than potatoes. Since rice often accompanies low-fat sauces such as sweet and sour, and potatoes often accompany full-fat sauces like béarnaise, the use of rice or potatoes results in a different amount of sauce eaten. Some reservations should also be made for the difference observed in portion sizes of lowand high-fat cold meat, as factors like size of meat and/or thickness of the slices could have an influence. Still, most of the sliced cold meat eaten in Denmark is produced industrially, and slices of the different types of meat and salami weigh almost the same (12 g) 33 . In any case, if people eat low-fat food and meal items ad libitum there seems to be an obvious risk of over-consumption and weight gain, because many individuals believe low-fat foods give them a licence to eat more 4 . A meta-analysis of longer lasting intervention studies conducted by Astrup et al. 34 has shown that ad libitum low-fat diets with a mean proportion of energy from fat of 27.5% resulted in a modest average weight loss of 3.2 kg, primarily by lowering the total energy intake. Even though a weight loss of this size could have a huge impact on a population level, reducing dietary fat probably has more significance in preventing further weight gain than in reversing obesity 4, 35 . This belief is also supported by the existence of the American paradox in several countries, where a lower fat content in the diet has not led to a decrease in the prevalence of overweight and obesity 1, 2, 36 . However, today, when a large part of the population has a sedentary lifestyle, the significance of the fat content in the diet still needs to be stressed because many people have a lower fat tolerance, as energy balance is determined by the interaction between level of physical activity and dietary fat content 8, 35, 37, 38 . This implies that people with a typical level of physical activity nowadays can reach a positive energy balance, even with a fairly low fat percentage in their diet.
Energy intake seems to have been remarkably stable over time, in spite of a reduction in fat intake 15, 21, 22 . However, impaired data collection in food balance sheets in the last decade and methodological differences in the two nation-wide dietary surveys could bias these results 15, 21, 22, 24 . Still, one likely explanation for maintaining a high energy intake, taking the lower needs into consideration 1 , may be the increasing trend in portion size of low-fat foods. This may be one of the causes of overconsumption, enhancing the prevalence of obesity in the population. Another possible explanation might be that the decrease in fat and energy intakes has been set off by an increased sedentary lifestyle. As a consequence of the fact that sedentary work has doubled from 1985 to 1995, energy expenditure now appears to be lower, since leisure-time physical activity has not increased proportionally 1 . Thus, it looks as if Danes are eating the same despite their lower nutritional needs.
Size of commercial foods
Our findings indicate that larger package and portion sizes of energy-dense beverages and confectionery and fast food meals, rich in fat and/or added sugars, have been introduced over time, in particular in the last 10 years. However, it should be stressed that there are certain limitations to these findings. Portion sizes of commercial foods change constantly, so that food manufacturers and fast food restaurants might supply inaccurate weights/ 15, 21, 22, 25 . To enable comparison between the two nationwide dietary surveys (1985 and 1995) , only data on adults are presented volumes and dates. But official statistics on the consumption of soft drinks, confectionery and fast food are nonexistent in Denmark, therefore it is necessary to seek alternative sources of information like manufacturers and fast food restaurants. Still, sales statistics 15, 25 support the super-sizing commercial food trend, which is also prevalent in the United States, where portion sizes of foods are much larger than standard portion sizes developed by the US Department of Agriculture and the US Food and Drug Administration 10 -13 . In the USA the trend towards larger portion sizes started in the 1970s and has accelerated since then 10 . An energy-dense diet, rich in fat and/or added sugars, is one the main factors responsible for an increasing energy intake and hence the promotion of obesity. Short-term energy intake is influenced by energy density of food in both lean and obese adults 39 . Expanding soft drinks containers have most probably contributed to the escalating intake in the last decade. Of the daily intake, more than 50% is considered to be sugarsweetened 15, 21, 22 , corresponding to 110-140 g per person per day (Fig. 1a) . Forty years ago the only soft drinks containers available on the market in Denmark were small and medium, holding 190 and 350 ml; now these bottles have enlarged to 250 and 500 ml ( Table 2 ). The same pattern is seen for the 'family size' bottle: handy and antibreaking plastic bottles that weigh less, making transportation and drinking easier, have today replaced most of the glass bottles used formerly. The volume of Coca-Cola sold in Denmark doubled in the 1990s when 500 ml and 1500 ml plastic bottles were introduced, lending support to the belief stated above, and the best-selling container size in terms of volume today is the 500 ml Coca-Cola 15, 16 . Development in the package size of confectionery (Table 2) is paralleled by a more than 50% increase in the sales of sweets, chocolate and ice cream per capita in the past 25 years, supporting the validity of the changes in package sizes informed by the manufacturers (Fig. 1b) . Standard bags of sweets and chocolate bars weighed 40-50 g a few years ago; now they are super-sized and weigh 70 -100 g, and contain twice as much energy and added sugars as before. It is even possible to buy mega-sized bags of sweets weighing 200-300 g. The increase in package sizes of, for instance, Haribo's sweets products has taken place from 1976 to the 1990s, supporting the super-size hypothesis. Likewise, Frisko increased their sales of ice cream considerably after the introduction of the large ice cream Magnum in 1989 17 , so it appears that manufacturers launch new super-sized packages as a means to draw attention to a product and raise its sales 10 .
Alongside the super-sizing trend smaller package sizes of confectionery and snacks, weighing from 8 to 40 g and primarily intended for smaller children, have also been launched, but the sales amount to only a minor part of the total tonnage 16 . Today, mega-size menu items are common in many fast food restaurants even in Denmark. When McDonald's opened their first restaurant in 1981, the meal concept did not exist at all 40 . Ten years later it was possible to buy both medium and large meals, and in 2001 mega meals were introduced, adding 1 MJ extra to the energy-and fat-dense medium meal, which is now seen as the smallest, but still the best-selling, McDonald's meal (Table 3) .
Even if the Danes are not a nation of fast food eaters, fast food restaurants have been on the rise more than ever in the last 10 years. In year 2000 McDonald's had a turnover of 167 million Euro, which corresponds to almost five medium meals per person 20 . Yet, data from the 1995 dietary survey showed that 75% of all Danes eat outside the home less than two times each month, and more than 50% eat out hardly once a month 15 . Other and more recent Danish surveys confirm this trend 41, 42 . Increasing meal size in fast food restaurants very likely plays a part in the growing portion distortion in the population, but the significance of fast food meals in relation to the increasing prevalence of obesity in Denmark seems to be modest, taking the few eating occasions at take-aways, restaurants, etc. into account 15, 41, 42 . Nevertheless, the importance of fast food in the obesity epidemic should not be neglected for younger people, who are the most frequent consumers of fast food 41 -43 . In the USA fast foods contribute five times more calories to children's diets today than 20 years ago 44 , and the same trend can most likely be expected in Europe 15 .
Added sugars from commercial foods Sugar-sweetened soft drinks and sweets, chocolate and ice cream are the main sources of added sugars, contributing about half of the daily intake 22 . As subjects tend to underreport sugar-rich food items like soft drinks and confectionery 45 , sales statistics are probably the most reliable data in this context, since they are not prone to underreporting bias like the individual-based dietary surveys 31 , and waste and spoilage appear to be limited. The problem is clearly illustrated by Fig. 1a and b , where the highest degree of underreporting seems to be prevalent for confectionery. According to sales figures and food balance sheets, it appears that the intake of added sugar has increased in the past 15 years 15, 25 . The highest consumers of added sugars are 7-to 14-year-old children, who eat 50% more added sugars than adults, and the diets of only one-quarter of 4-to 14-yearold children are below the recommended maximum of 10% of energy 22, 30, 46 . Compared with adults, children consume twice the amount of soft drinks and confectionery 22 . A high intake of added sugars has several adverse consequences like dilution of nutrient density in the diet, and increased risk of caries and obesity 46 -49 . If children and adults have continued to drink the same number of sugar-sweetened beverages and eat the same number of bags of sweets, chocolate bars, ice creams, etc. as before, then the super-sizing trend could be one of the explanations for the rising number of overweight and obese children and adults seen in Denmark during past decades 1, 14, 50 , especially in an environment where physical activity is declining 1, 14 .
Dietary guidelines
The current dietary advice in Denmark consists of seven evidence-and action-based dietary guidelines prepared by the official authorities in collaboration with research nutritionists. Two of the seven dietary guidelines focus on cutting down on fat and added sugars, although the guidelines are not specific in terms of amounts 51 . Many people seem to have got the wrong idea about the low-fat health message without paying attention to the total amount of food consumed. As underlined in the present study, choosing food and meal items low in fat does not allow people to eat all they want since this will also increase the energy intake. Hence, it is not only a matter of the kind of food a person eats, but also the amount of food eaten 3, 4 . One of the reasons why many Danes have so far ignored portion size can be ascribed to the fact that none of the official dietary guidelines emphasises the significance of the amount of food eaten.
Misinterpretation of the low-fat health message is presumably also caused by a lack in public nutritional education, which so far has not focused enough on portion size or amount of food. With the present obesity situation in mind, perhaps new guidelines and public campaigns should be made regarding the quantity of food to eat, since the development of standard portion sizes would be useful for dietary guidance 10 -12 . People need to be aware that control of portion size is just as important, if not more so, as cutting down on fat to maintain stable body weight.
Conclusion
Larger portion sizes of foods low in fat and commercial energy-dense foods and beverages could be an important factor in maintaining a high energy intake, causing overconsumption and enhancing the prevalence of obesity in the population. In light of this development, portion size ought to take a central place in dietary guidelines and public campaigns.
